We report the first measurement of an EXAFS signal from 
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I.
~NTRODUCTION
Recent applications of extended x-ray absorption fine structure (EXAFS) spectroscopy to a wide variety of structural problems have proved it a technique capable of providing unique structural information.
The availability of an intense, highlycollimated, variable-energy x-ray photon source at the Stanford Synchrotron Radiation Laboratory (SSRL) has played a major role in the recent. revival of interest in EXAFS. Until now, however, EXAFS studies by absorption have been largely restricted to photon energies above 3-4 keV; thus to elements with Z ~ 20.
Because this excludes the (chemically most interesting) firstand second-row elements, it is important to extend the EXAFS method to lower energies. In this paper we report an absorption study on the LII,III edge of metallic titanium foil. To our knowledge this is the first instance in which EXAFS has been observed by photon absorption and analyzed in detail in this energy range.
Absorption measurements in the soft x-ray reglon between the carbon K-edge (~280 eV) and about 1500 eV pose several problems, and only very few absorption investigations have been 1-6 reported for this energy range.
The main experimental difficulties arise from contamination of the optical elements (mirrors and grating) resulting in low photon fluxes and a 4 high scattered light background.
Another factor which is particularly important for EXAFS studies is the close proximity of absorption edges (carbon at 284 eV, nitrogen at 399 eV, and -'2-~ oxygen at 532 eV) in the soft x-ray range. The short x-ray absorption lengths 7 in this region furthermore require that such experiments be carried out in vacuum and necessitate thin film (~2000A) samples.
In contrast to absorption from K-edges, there are actually be less than 20% of the LIII jump. We will show below that the LI jump in Ti is indeed a weak, broad structure which can be removed by a suitable background subtraction procedure.
II. EXPERIMENTAL
The experiments were performed on the 4° port of Beam Line I at the Stanford Synchrotron Radiation Laboratory (SSRL). The grazing incidence "grasshopper" monochromator has been described 14 elsewhere.
Before the present measurements were made, new optical elements were installed to minimize the carbon build-up on the optical surfaces, which occurs on exposure to high fluxes The experimental apparatus used for our measurements 1s
shown schematically in Fig. 1 . A collimator served to reduce any background signal arising from stray light. Provisions were also made to insert a filter which was needed in some cases to suppress higher-order radiation, although the measurements reported here were performed without a filter. To avoid errors were thus recorded, and a normalized spectrum (sample/blank) was calculated as the run progressed.
A somewhat novel multicathode detection system was employed for this work. 16 A series of plates of different materials, including gold and an evaporated film of ZnS, were arranged so that any plate could intercept the transmitted beam. Each plate could thus be selected to serve as the cathode of a high current "channeltron" electron multiplier which amplified (at 'Vl0 6 gain) the photoelectric yield from the respective cathode. In addition to yielding highly satisfactory signal levels, this arrangement allowed a ready choice of a cathode material that had a high sensitivity in a given energy range, and that would strongly discriminate against second-order light. For example, because the photoyield is known to mimic the absorption coefficient, 17
one can estimate on the basis of cross-section calculations 7
that a gold photoyield cathode is roughly three times more sensitive to the primary beam at the titanium-edge energy than to second-order light.
•
III. RESULTS AND DISCUSSION
The experimental transmission intensity through a freestanding 7 5 llg( em) -2 thick Ti metal foil is shown in Fig. 2 .
The spectrum was collected in one hour using a Au cathode detec- There has been considerable discussion recently of the "white line" structure which is observed for many materials near threshold. This term is derived from the x-ray literature, ln which a strong absorption immediately above an x-ray edge appea.red as a white line in the photographic emulsion used as a detec- ..
• -7-a (low-order) polynomial spline function.
It is worth noting ~t this point that background subtraction in an EXAFS spectrum must be done carefully, and there appears to be no completely rigorous, unique way to do it. We were very hesitant at first to make a background correction and particularly to correct for the LI-edge, for fear of biasing the results of our analysis. It turned out, however, that the main features in the results were insensitive to the details of this correction provided that a "stiff'', or low-order polynomial, spline function was used.
The final choice of background could be made by demanding that the spurious low frequency signal be minimized. This insensitivity is aided by the relatively low 2s photoelectric cross section.
The spectra well above the absorption edge, together with the smooth background for the LII,III-edge, plus the 1 1 edge structure, can be seen in Fig. 3 as the top and middle curves, respectively. In addition to the sharp initial peak and the gradual decrease in absorption strength, fine structure (EXAFS) 9 oscillations are apparent that can be described by the formula-
where ~ is the total absorption coefficient and ~O is that portion due to the slowly-varying background. The electron wavevector is given by The remaining EXAFS signal,X(E), is shown in Fig. 3c (lower curve), and the modulus of the Fourier transform of k 2 X(k) 1s given in Fig. 4 .
In real space the spectrum shows a sharp and symmetric peak at R = 2.672A, followed by much smaller peaks at approximately 3.9 and 4.8A. These secondary peaks were not easily separated from the background, however. The primary peak is readily assigned to the first shell of neighbors in the titanium hcp lattice. Because titanium departs from the ideal hcp structure (c/a = 1.588), the first sheli is actually composed of a close doublet (unresolved in our data); six atoms lie in the hcp plane at R. = 2.95A and six out-of-plane neigh-] bors lie at R. = 2.90A (Table I) . Because the spectrum is 5.8044y + 3.6208y (3) where y is the log 10 of the electron kinetic energy, measured 24 from the Fermi level, and the form for was made to X(k) to obtain a spectrum of the fundamental X 1 (k), the EXAFS signal due only to the nearest neighbors. This was then removed from th~ spectrum and the filtered signal X' -X X 1 was Fourier-transformed (Fig. 5) . The result shows two strong peaks at 3.901 and 4.801. These peaks were found to be 
IV. CONCLUSIONS
In this paper we have reported the first clear-cut L-edge EXAFS measurement in absorption in the ultra-soft x-ray region.
The LII III splitting, while observable in the spectra, caused ' no substantial difficulties in interpreting the fine structure.
At the edge a "white line" was observed that can be ascribed to a high density of final states available above the Fermi level.
Although the 1 1 -edge was observed, its effect could be separated from the EXAFS signal because it was weak and varied slowly with energy. The phase shift analysis is consistent with a model of scattering for which the partial wave contributions are in the proportions ~80% (£ = 2) and ~20% (£ = 0). When more reliable theoretical phase shifts become available, it should be feasible to use EXAFS spectra to study the partial wave character of the continuum final states in some detail.
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